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DISTANCE INFORMATION PROCESSING Japanese Patent No . 4537597 discloses a method of 
APPARATUS , IMAGING APPARATUS , separating a region where the correlation is evaluated incor 

DISTANCE INFORMATION PROCESSING rectly , and a region where the correlation is evaluated 
METHOD AND PROGRAM correctly . In Japanese Patent No . 4537597 , an upper layer 

5 matching unit evaluates the correlation among image signals 
BACKGROUND OF THE INVENTION using a predetermined collation region , and a lower layer 

matching unit evaluates correlation for each divided colla 
Field of the Invention tion region generated by dividing the collation region . 
The present invention relates to a distance information According to the method disclosed in Japanese Patent No . 

processing apparatus , an imaging apparatus , a distance 10 4537597 , it is determined that the correlation is not evalu 
information processing method and a program . ated correctly when the result of evaluating the correlation 

Description of the Related Art in the upper layer and the result of evaluating the correlation 
In an imaging apparatus , such as a digital still camera and in the lower layer do not match . 

a digital video camera , an imaging apparatus having a Patent Document 1 : Japanese Patent No . 4915126 
ranging function has been proposed , where a distance from 15 Patent Document 2 : Japanese Patent No . 2756803 
the imaging apparatus to an object ( object distance ) can be Patent Document 3 : Japanese Patent No . 4537597 
acquired at a plurality of pixel positions at the same time 
with acquiring an ornamental image signal ( an image signal SUMMARY OF THE INVENTION 
constituted by object distances acquired at a plurality of 
pixel positions is hereafter called “ distance image signal " ) . 20 There are two types of incorrect evaluation of correlation 

For example , Japanese Patent No . 4915126 discloses a classified by cause . One type is an incorrect evaluation of 
solid - state imaging element where a pixel , having a ranging correlation caused by an object or photographing conditions . 
function , is disposed in a part of or in all of the pixels of the If the contrast of the object changes very little , of if the noise 
imaging element , and the object distance is detected by the amount included in the image signal is high , the value of the 
phase difference method . The ranging method disclosed in 25 object distance may be incorrectly calculated . A second type 
Japanese Patent No . 4915126 is called “ imaging plane phase is incorrect evaluation of correlation caused when the col 
difference ranging method ” , since phase difference type lation region , used for evaluating the correlation , has a 
ranging is performed on the imaging plane . If the solid - state relatively large region size . If a plurality of objects having 
imaging element according to Japanese Patent No . 4915126 different distances is included in the collation region , a 
is used , at least two image signals can be acquired based on 30 distance of one of the objects included in the collation region 
the images generated by luminous flux which passed is calculated , but it is not clear which object distance is 
through different pupil regions within an imaging optical calculated . In other words , when an object distance of a pixel 
system of the imaging apparatus . A relative positional shift is calculated , an object distance of a different pixel may be 
amount between the two image signals is detected by a calculated in error . An incorrect detection generated when an 
method similar to a parallax detection method using stereo 35 object distance of a different pixel ( position ) is calculated in 
images , and is converted into a defocus amount via a error is hereafter called " incorrect calculation of the object 
predetermined conversion coefficient , whereby the object distance position ” . 
distance can be acquired . Further , according to the imaging According to the method disclosed in Japanese Patent No . 
plane phase difference ranging method , an ornamental 4537597 , whether there is a mismatch between the upper 
image signal can be generated by combining two image 40 layer matching unit and the lower layer matching unit is 
signals . Another ranging method , referred to as the depth determined using a predetermined value . Since an incorrect 
from defocus ( DFD ) method , is disclosed in Japanese Patent evaluation of correlation is determined based on whether 
No . 2756803 . The DFD method is a ranging method where there is a mismatch , it may be unable to distinguish whether 
two image signals are consecutively acquired in a time series the cause of the incorrect evaluation is an incorrect calcu 
with changing the photographing conditions ( e . g . diaphragm 45 lation of the object distance value itself , or an incorrect 
stop , focal length ) , and the object distance is acquired from calculation of the object distance position . 
the difference of blur amounts between the two images . In Incorrect calculation of the object distance position is 
the DFD method , one of the two image signals can be used generated primarily in the boundary between an object 
as an ornamental image signal . located at a distance and an object located nearby . Therefore 

In the case of the imaging apparatus having the ranging 50 to determine whether the cause of the incorrect evaluation is 
function , the depth of field and focus position can be an incorrect calculation of the object distance itself or an 
controlled after an image is acquired by performing image incorrect evaluation of the object distance position , it is 
processing on the ornamental image signal based on the determined whether the change ( differential ) corresponding 
distance image signal . Further , a number of individuals can to the pixel position of which object distance is measured is 
be accurately measured by extracting an individual in a 55 a threshold or more . In this case , a large threshold must be 
space based on the distance range of the object calculated set if the distance range in the depth direction , where the 
from the ornamental image signal and distance image signal . object exists , is wide . This means that if the threshold is 

In all these object distance calculation methods , the object fixed , the region of which correlation was incorrectly evalu 
distance is calculated based on the correlation of the two ated may not be accurately extracted depending on the 
image signals . When a correlation is evaluated , normally a 60 object distance range . If the region , of which correlation was 
region - based matching method is used . In the region - based incorrectly evaluated , cannot be accurately extracted , the 
matching method , an image signal included in a predeter - distance of the object may be incorrectly calculated . 
mined collation region is extracted from each image signal With the foregoing in view , it is an object of the present 
to evaluate the correction . If correlation of the two images invention to accurately determine the distance range in the 
is accurately evaluated , the object distance can be acquired 65 depth direction where an object exists . 
at high precision , but if not , an incorrect object distance may A first aspect of the present invention is a distance 
be calculated . information processing apparatus ( distance range calculator ) 
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tus ) . 

having : a distance calculator configured to calculate object According to the present invention , the distance range in 
distances , which are distances to an object in the depth the depth direction where an object exists can be accurately 
direction , for a plurality of pixel positions on the basis of a determined . 
first image signal and a second image signal , so as to Further features of the present invention will become 
calculate a distance image signal constituted by a plurality of 5 apparent from the following description of exemplary 
object distances ; a first confidence calculator configured to embodiments with reference to the attached drawings . 
calculate a first confidence representing certainty of an 
object distance value in the distance image signal ; and a BRIEF DESCRIPTION OF THE DRAWINGS 
range calculator configured to calculate a distance range , 
which is a range of an object distance , on the basis of the 10 FIG . 1A to FIG . 1C are diagrams depicting an imaging 
distance image signal and the first confidence . apparatus according to Embodiment 1 ; 

A second aspect of the present invention is the distance FIG . 2A to FIG . 2D are diagrams depicting a principle of 
distance measurement ; information processing apparatus ( distance confidence cal FIG . 3A to FIG . 3C are diagrams depicting processing of culation apparatus ) further having : the above mentioned 15 the distance range calculator according to Embodiment 1 ; distance range calculator ; and a second confidence calcula FIG . 4A to FIG . 4C are diagrams depicting processing of 

tor configured to calculate a second confidence representing the distance range calculator according to Embodiment 1 ; certainty of a position on a plane orthogonal to the depth FIG . 5A and FIG . 5B are diagrams depicting processing 
direction of the object distance on the basis of the distance of the distance range calculator according to Embodiment 1 ; 
range and the object distance . 20 FIG . 6A to FIG . 6D are diagrams depicting a modification 

A third aspect of the present invention is a distance of the imaging apparatus according to Embodiment 1 ; 
information processing apparatus ( distance image signal FIG . 7A and FIG . 7B are diagrams depicting processing 
correction apparatus ) further having : the abovementioned of a distance confidence calculation apparatus according to 
distance confidence calculation apparatus ; and a corrector Embodiment 2 ; 
configured to calculate a corrected distance image signal by 25 FIG . 8A and FIG . 8B are diagrams depicting the relation 
correcting the distance image signal on the basis of the first ship between a distance position confidence and the object 
confidence and the second confidence . distance ; 

A fourth aspect of the present invention is an imaging FIG . 9A and FIG . 9B are diagrams depicting processing 
apparatus having an imaging unit and the above mentioned of a distance image signal correction apparatus according to 
distance information processing apparatus ( one of : the dis - 30 Embodiment 3 ; 
tance range calculator , the distance confidence calculation FIG . 10A to FIG . 10D are diagrams depicting an imaging 
apparatus , and the distance image signal correction appara - apparatus according to Embodiment 4 ; 

FIG . 11 is a diagram depicting light emission control 
A fifth aspect of the present invention is an imaging processing according to Embodiment 4 ; and 

apparatus having : the above mentioned distance range cal - 35 FIG . 12A to FIG . 12C are diagrams depicting an imaging 
culator ; a light emitting unit ; a light imaging unit ; and an apparatus according to Embodiment 5 . 
emission controller configured to calculate light emission 
control information to control light emission quantity of the DESCRIPTION OF THE EMBODIMENTS 
light emitting unit on the basis of a distance range calculated 
by a distance range calculator , and controls the light emitting 40 Embodiment 1 
unit so that light is irradiated according to the light emission 
control information in synchronization with photographing Embodiment 1 of the present invention will now be 
by the imaging unit . described in detail with reference to the drawings . In the 

A sixth aspect of the present invention is an imaging following description , a case of a digital camera will be 
apparatus having : the above mentioned distance range cal - 45 described as an example of an imaging apparatus having a 
culator ; a light emitting unit ; an imaging unit ; and a light distance range calculator ( distance information processing 
emission controller configured to calculate emission control apparatus ) according to this embodiment , but application of 
information to control light emission quantity distribution of the present invention is not limited to this . In the description 
the light emitting unit on the basis of a distance range with reference to the drawings , a same segment is normally 
calculated by the distance range calculator , and control the 50 denoted with a same reference signal , even if the figure 
light emitting unit so that light is irradiated according to the numbers are different , and redundant description is mini 
light emission control information in synchronization with mized . 
photographing by the imaging unit . The distance range calculator according to the present 

A seventh aspect of the present invention is a distance invention is an apparatus to calculate a range of the distance 
information processing apparatus ( distance image quantiza - 55 in the depth direction of an object included in an image 
tion apparatus ) having : the above mentioned distance range ( distance range ) . In this description , " object ” refers to all the 
calculator ; a storage unit ; and a quantizing unit configured to objects photographed in the range . Therefore the distance 
set a maximum value and a minimum value in a quantized range calculator can also be defined as an apparatus config 
distance range based on a distance range calculated by the ured to calculate the minimum distance and the maximum 
distance range calculator , set a quantized distance value by 60 distance of the objects included in an image . 
dividing a range between the maximum value and the < Configuration of Digital Camera > 
minimum value in the quantized distance range by a prede - FIG . 1A is a diagram depicting a configuration of a digital 
termined quantization rate , calculate a quantized distance camera 100 . The digital camera 100 is constituted by an 
image signal by correlating the object distance constituting imaging optical system 120 , an imaging element 101 , a 
the distance image signal with a quantized distance value 65 distance range calculator 110 , an image generation unit ( not 
having a closest value , and store the quantized distance illustrated ) , a lens driving control unit ( not illustrated ) , and 
image signal in the storage unit . an image signal storage unit ( not illustrated ) , which are 
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disposed inside a camera case body 190 . The distance range manner , the luminous flux that passed through a second 
calculator 110 can be constructed using a logic circuit . For pupil region ( 220 ) , which is a partial pupil region , enters the 
another format , the distance range calculator 110 may be second photoelectric conversion unit 162 . 
constituted by a central processing unit ( CPU ) and a The first photoelectric conversion unit 161 generates an 
memory that stores processing programs . 5 electric signal by photoelectrically converting the received 

The imaging optical system 120 is a photographing lens luminous flux . In the same manner , the second photoelectric 
of the digital camera 100 , and has a function to form an conversion unit 162 generates an electric signal by photo 
image of an object on the imaging element 101 . The imaging electrically converting the received luminous flux . A set of 
optical system 120 is constituted by a plurality of lens electric signals generated by the first photoelectric conver 
groups ( not illustrated ) , and has an exit pupil 130 at a 10 sion unit 161 of each pixel of the imaging element 101 is 
position distant from the imaging element 101 by a prede called “ first image signal ” . In the same manner , a set of 
termined distance . In this description , it is assumed that the electric signals generated by the second photoelectric con 
z axis is parallel with the optical axis 140 of the imaging version unit 162 of each pixel of the imaging element 101 is 
optical system 120 . It is also assumed that the x axis and the called “ second image signal ” . From the first image signal , an 
y axis are orthogonal to each other , and are orthogonal to the 15 intensity distribution of an image formed by luminous flux , 
optical axis . which passed mainly through the first pupil region 210 , on 

< Configuration of Imaging Element > the imaging element 101 , can be acquired , and from the 
The imaging element 101 is constituted by a complemen - second signal , an intensity distribution of an image formed 

tary metal - oxide semiconductor ( CMOS ) or a charge by luminous flux , which passed mainly through the second 
coupled device ( CCD ) , and has a ranging function based on 20 pupil region 220 , on the imaging element 101 , can be 
an imaging plane phase difference ranging method . An acquired . 
object image formed on the imaging element 101 via the The relative positional shift amount between the first 
imaging optical system 120 is photoelectrically - converted image signal and the second image signal becomes an 
by the imaging element 101 , and generates an image signal amount corresponding to the defocus amount . The relation 
based on the object image . By the image generation unit 25 ship between the positional shift amount and the defocus 
performing development processing on the acquired image amount will now be described with reference to FIGS . 2B , 
signal , an ornamental image signal can be generated . Fur - 2C and 2D . FIGS . 2B , 2C and 2D are schematic diagrams 
ther , the generated ornamental image can be stored in the depicting the imaging element 101 and the imaging optical 
image signal storage unit . The imaging element 101 accord - system 120 according to this embodiment . The luminous 
ing to this embodiment will now be described in detail with 30 flux 211 indicates the first luminous flux which passed 
reference to FIG . 1B . through the first pupil region 210 . The luminous flux 221 

FIG . 1B is an xy cross - sectional view of the imaging indicates the luminous flux which passed through the second 
element 101 . The imaging element 101 is constituted by a pupil region 220 . 
plurality of pixel groups 150 , where each pixel group F IG . 2B shows a focused state where the first luminous 
consists of two rowsxtwo columns . In each pixel group 150 , 35 flux 211 and the second luminous flux 221 are converged on 
a green pixel 150G1 and a green pixel 150G2 are disposed the imaging element 101 . In this case , the relative positional 
diagonally , and a red pixel 150R and a blue pixel 150B are shift amount between the first image signal formed by the 
disposed in the other two pixels . first luminous flux 211 and the second image signal formed 

FIG . 1C is a schematic diagram depicting the I - I ' cross - by the second luminous flux 221 is 0 . FIG . 2C shows a 
section of the pixel group 150 . Each pixel is constituted by 40 defocused state where the focal point is shifted in the 
a light guiding layer 181 and a light receiving layer 182 . In negative direction of the z axis on the image side . In this 
the light receiving layer 182 , two photoelectric conversion case , the relative positional shift amount between the first 
units ( first photoelectric conversion unit 161 and second image signal formed by the first luminous flux 211 and the 
photoelectric conversion unit 162 ) , for photoelectrically second image signal formed by the second luminous flux 
converting the received light , are disposed . In the light 45 221 is not 0 , but has a negative value . FIG . 2D shows a 
guiding layer 181 , a micro - lens 170 , for efficiently guiding defocused state where the focal point is shifted in the 
the luminous flux that entered the pixel to the photoelectric positive direction of the z axis on the image side . In this case , 
conversion unit , a color filter ( not illustrated ) for allowing the relative positional shift amount between the first image 
light having a predetermined wavelength band to pass , and signal formed by the first luminous flux 211 and the second 
wiring ( not illustrated ) for reading the image and driving the 50 image signal formed by the second luminous flux 221 is not 
pixel , for example , are disposed . zero , but has a positive value . 

< Description of Distance Measurement Principle of As the comparison of FIG . 2C and FIG . 2D shows , the 
Imaging Plane Phase Difference Ranging Method direction of the positional shift reverses depending on 

The luminous flux received by the first photoelectric whether the defocus amount is positive or negative . Further , 
conversion unit 161 and the second photoelectric conversion 55 the positional shift corresponding to the defocus amount is 
unit 162 of the imaging element 101 according to this generated based on the geometric relationship . Therefore if 
embodiment will be described with reference to FIG . 2A . the positional shift amount between the first image signal 
FIG . 2A is a schematic diagram depicting the exit pupil 130 and the second image signal is detected using the later 
of the imaging optical system 120 and only the green pixel mentioned region - based matching method , the detected 
150G1 , as a representative example of the pixels disposed in 60 positional shift amount can be converted into the defocus 
the imaging element 101 . The micro - lens 170 in the pixel amount using a predetermined conversion coefficient . The 
150G1 shown in FIG . 2A is disposed so that the exit pupil defocus amount on the image side can easily be converted 
130 and the light receiving layer 182 are optically conjugate into the object distance on the object side using the image 
with each other . As a result , as shown in FIG . 2A , the forming relationship of the imaging optical system 120 . 
luminous flux that passed through a first pupil region ( 210 ) , 65 < Description of Distance Range Calculator > 
which is a partial pupil region included in the exit pupil 130 , The distance range calculator 110 of this embodiment will 
enters the first photoelectric conversion unit 161 . In the same now be described with reference to FIG . 3 . FIG . 3A is a 
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block diagram depicting the processing overview of the degree between the point of interest and the corresponding 
distance range calculator 110 of this embodiment , and FIG . point used when the positional shift amount was calculated 
3B is a flow chart depicting the operation of the distance in step S401 . In this case , if the correlation degree is low , it 
range calculator 110 . is highly probable that the correlation was incorrectly evalu 

The distance calculation unit 311 of the distance range 5 ated due to the influence of noise included in the image 
calculator 110 reads the first image signal S1 and the second signal or the like . In step S412 , the distance value confidence 
image signal s2 from the imaging element 101 , and calcu calculation unit 312 acquires the correlation degree in the 
lates the object distance at a plurality of pixel positions in the vicinity of the corresponding point , used when the positional 
object distance calculation processing S321 . shift amount was calculated in step S401 , as the distance 

The concrete processing content of the object distance 10 calculation information Icor , and calculates the change 
calculation processing S321 will now be described with amount between the correlation degree in the vicinity of the 
reference to FIG . 4A . In step S401 , the distance calculation corresponding point and the correlation degree of the cor 
unit 311 calculates the relative positional shift amount responding point . The correlation degree in the vicinity of 
between the first image signal si and the second image the corresponding point may be the correlation degree at a 
signal S2 . The distance calculation unit 311 sets a point of 15 pixel adjacent to the corresponding point , or a correlation 
interest in the first image signal Si , and sets a collation degree at a pixel distant from the corresponding point by a 
region centered around the point of interest . Then the predetermined number of pixels , or may be an average of the 
distance calculation unit 311 sets a reference point in the correlation degrees of a plurality of pixels around the 
second image signal S2 , and sets a reference region centered corresponding point . If the contrast of the object does not 
around the reference point . The distance calculation unit 311 20 change significantly , the change amount of the correlation 
calculates the correlation degree between the first image degree becomes small , and in this case as well , the prob 
signal S1 included in the collation region and the second ability that the correlation was incorrectly calculated is high . 
image signal S2 included in the reference region , while In step S413 , the distance value confidence calculation unit 
sequentially moving the reference point , and determines the 312 calculates the ratio of the contrast change and the noise 
reference point having the highest correlation degree as a 25 amount ( SN ratio of the image ) as the distance value 
corresponding point . The distance calculation unit 311 cal - confidence R1 ( corresponds to the first confidence ) . The 
culates the relative positional shift amount between the point change amount of the correlation degree is higher as the 
of interest and the corresponding point , as the positional contrast change is higher . Further , the correlation degree at 
shift amount at the point of interest . By calculating the the corresponding point is lower as the noise amount is 
positional shift amount while sequentially moving the point 30 higher . Therefore the distance value confidence R1 should 
of interest , the positional shift amount at a plurality of pixel be calculated so as to be higher as the change amount of the 
positions can be calculated . correlation degree is higher , and to be higher as the corre 

To calculate the correlation degree , a known method can lation degree at the corresponding point is higher . For 
be used , such as the normalized cross - correlation ( NCC ) example , the distance value confidence R1 is calculated as 
method , that evaluates the normalized cross - correlation 35 ( change amount of correlation degree ) / ( 1 - correlation degree 
between image signals . In step S402 , the distance calcula - at corresponding point ) . 
tion unit 311 converts the positional shift amount into a The distance range calculation unit 313 calculates the 
defocus amount , which is a distance from the imaging distance range DR of the object in the distance range 
element 101 to the focal point of the imaging optical system calculation processing S323 , using the distance image signal 
120 using a predetermined conversion coefficient . The 40 Sd acquired from the distance calculation unit 311 and the 
image shift amount d can be converted into the defocus distance value confidence R1 acquired from the distance 
amount AL using the following Expression 1 , where Gain value confidence calculation unit 312 . 
denotes a predetermined conversion coefficient , AL denotes The concrete processing content of the distance range 
the defocus amount , and d denotes the positional shift calculation processing S323 will now be described with 
amount . 45 reference to FIG . 4C . In step S421 , the distance range 

calculation unit 313 extracts the object distances at the pixel 
AL = Gainxd positions of which distance value confidence R1 was deter 

In step S403 , the distance calculation unit 311 converts mined as high , based on the distance image signal Sd . In this 
the defocus amount into the object distance . The conversion case , whether the distance value confidence R1 is high or not 
from the defocus amount into the object distance can be 50 can be determined by determining whether the distance 
performed using the image forming relationship of the value confidence R1 is a predetermined threshold or more . 
imaging optical system 120 , as mentioned above . The dis - In step S422 , the distance range calculation unit 313 calcu 
tance image signal Sd constituted by the object distance at lates the maximum value and the minimum value of the 
each pixel position can be generated by performing the object distances extracted in step S421 . In step S423 , the 
object distance calculation processing in FIG . 4A at a 55 distance range calculation unit 313 determines the distance 
plurality of pixel positions . range DR of the object of which upper limit value and lower 

The distance value confidence calculation unit 312 cal - limit value are the maximum value and the minimum value 
culates the confidence R1 , which indicates the certainty of respectively calculated in step S421 . 
the value of the object distance in the distance value con - In step S422 , the distance range may be calculated using 
fidence calculation processing S322 using the distance cal - 60 the average value and the standard deviation which are 
culation information Icor acquired from the distance calcu - statistical values of the object distances , instead of calcu 
lation unit 311 . lating the distance range using the maximum value and the 

The concrete processing content of the distance value minimum value of the extracted object distances . In concrete 
confidence calculation processing S322 will now be terms , the distance range calculation unit 313 may calculate 
described with reference to FIG . 4B . In step S411 , as the 65 an average value and the standard deviation of the extracted 
distance calculation information Icor , the distance value object distances , and the distance range DR of the object 
confidence calculation unit 312 acquires the correlation may be determined regarding a value generated by adding 
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the average value and triple the standard deviation as the of the regions in which the object distance value was 
upper limit value , and a value generated by subtracting triple correctly calculated , hence the distance range can be calcu 
the standard deviation from the average value as the lower lated accurately . Further , the region , in which the object 
limit value . Triple the standard deviation need not be used , distance value was incorrectly calculated , is extracted by 
but values that are different from the average value by a 5 simple processing , hence unnecessary processing is not 
predetermined multiple of the standard deviation may be required , and the distance range of the object can be effi 
determined as the upper limit value and lower limit value . ciently extracted . 
Since the standard deviation , which is a statistical value , is According to this embodiment , the distance value confi 
used , the influence on the calculation of the distance range dence R1 is calculated by evaluating the ratio of the level of 
of the object can be minimized even if an incorrect value is 10 the contrast change and the noise amount level for the first 
included in the distance value confidence calculated by the image signal and the second image signal . In other words , 
distance value confidence calculation unit 312 . the SN ratio of the image signal image SN ratio ) is 
When the average value and the standard deviation are evaluated . The image SN ratio may be calculated from the 

calculated , the object distances constituting the distance first image signal used for setting the collation region , 
image signal Sd may be weighted based on the distance 15 instead of the correlation degree used for calculating the 
value confidence R1 . In concrete terms , the distance range positional shift amount . FIG . SA is a flow chart when the 
calculation unit 313 may calculate the weighted average distance value confidence R1 is calculated from the first 
value and the weighted standard deviation of the object image signal S1 . In step S511 , the distance value confidence 
distances using the distance value confidence R1 as the calculation unit 312 calculates a variance value of the first 
weight , and calculate the distance range DR of the object in 20 image signal included in the collation region . As the vari 
the same manner . The weight need not be the distance value ance value is greater , the contrast change of the first image 
confidence R1 itself , but any weight , which becomes larger signal included in the collation region increases . In step 
as the distance value confidence R1 is higher , can be used . S512 , the distance value confidence calculation unit 312 
The average value and the standard deviation may be estimates the noise amount included in the image signal , 
determined including the object distances of which distance 25 based on the pixel value of the first image signal included in 
value confidence R1 is less than a threshold , or may be the collation region . The noise amount included in the image 
determined using only the object distances of which distance signal can be estimated by noise amount - noise estimation 
value confidence R1 is the threshold or more . The latter is an coefficientxpixel valuexISO sensitivity . This is because the 
example of setting the weight to zero when the distance optical shot noise amount generated in photoelectric con 
value confidence R1 is less than the threshold . By calculat - 30 version is in proportion to the square root of the number of 
ing the average value and the standard deviation using the photons . For the noise amount estimation coefficient , a value 
distance value confidence R1 as weight , the distance range acquired by measuring the noise characteristic of the imag 
can be calculated more accurately . ing element 101 in advance may be used . For the ISO 

In some cases , the distance image signal Sd , calculated by sensitivity , the ISO sensitivity , which the digital camera 100 
the distance calculation unit 311 constituting the distance 35 used for photographing , is used . In step S513 , the distance 
range calculator 110 of this embodiment , may include a value confidence calculation unit 312 calculates the ratio of 
region of which object distance value was incorrectly cal - the variance value and the noise amount as the distance 
culated , and a region in which position of the object distance value confidence R1 . 
was incorrectly calculated . Incorrect calculation of the Other factors of calculating the value of the object dis 
object distance value means incorrectly calculating the dis - 40 tance incorrectly are : the brightness saturation which is 
tance value of the object itself . Incorrect calculation of the generated when pixel values are saturated during photo 
object distance value occurs when the contrast of the object graphing ; and the cyclic object which is an object of which 
does not change significantly , or when noise is included in contrast changes cyclically . Therefore in order to more 
the image signal . Incorrect calculation of the object distance accurately evaluate the distance value confidence , the 
position means calculating the distance of a pixel ( position ) , 45 brightness saturation degree may be used in addition to the 
which is different from the distance calculation target pixel image SN ratio . The brightness saturation degree is a ratio of 
( position ) , as the distance value of the distance calculation the regions where the brightness of the first image signal is 
target pixel ( position ) . Incorrect calculation of the object saturated , with respect to the collation regions . Further , 
distance position mainly occurs at a boundary of the objects whether incorrect evaluation of the correlation was caused 
located at different distances . 50 by a cyclic object may be determined and considered when 

FIG . 3C is a diagram of which abscissa indicates the the distance value confidence is evaluated . FIG . 5B is a 
object distance . When a region , where an object distance graph showing the relationship between the correlation 
value constituting the distance image signal Sd was incor - degree and the moving amount of the reference point when 
rectly calculated , is included , the distance range determined a cyclic object is photographed . When a cyclic object is 
by the maximum value and the minimum value of the object 55 photographed , the correlation degree has a cyclic maximum 
distances included in the distance image signal may become value since the contrast changes cyclically . Hence whether 
wider than a correct distance range ( actual distance range of the object is a cyclic object or not can be determined by 
the object ) in some cases . On the other hand , a region , in evaluating whether the moving amount of the reference 
which the object distance position was incorrectly calcu - point , at which the correlation degree has the maximum 
lated , does not influence the calculation accuracy of the 60 value , changes cyclically . The distance value confidence 
distance range significantly . This is because even if the calculation unit 312 of this embodiment determines the 
object distance position is incorrect , the calculated distance brightness saturation degree and the object cyclicity of the 
value is still an object distance value . According to the object , in addition to the image SN ratio , to calculate the 
distance range calculator 110 of this embodiment , a region , distance value confidence . Thereby the certainty of the 
in which the object distance value was incorrectly calcu - 65 distance value can be evaluated at higher precision , and the 
lated , is extracted using the distance value confidence R1 , distance range calculation unit 313 can calculate the distance 
and the distance range is determined using only the distances range of the object more accurately . Depending on the object 
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and photographing conditions , it is not necessary to use : the cus amount , a lookup table , to indicate the correspondence , 
image SN ratio , the brightness saturation degree and the may be stored in the memory ( not illustrated ) of the digital 
cyclicity of the object , and the distance value confidence camera 100 in advance for reference . For example , when the 
may be calculated using at least one of these . correlation degree is high ( “ 1 ” if NCC is used as the 

< Other Forms of Object Distance Calculation Method > 5 correlation degree ) , it is assumed that the blur amount of the 
In the digital camera 100 of this embodiment , the object first image signal and that of the second image signal are 

distance calculation based on the imaging plane phase approximately the same , hence the defocus amount is indi 
difference ranging method is performed using the imaging cated by the point where the solid line and the broken line 
element 101 where two photoelectric conversion units are cross in FIG . 6B . In step S403 , the processing to convert the 
disposed in one pixel , but the object distance may be 10 defocus amount into the object distance is performed , simi 
calculated based on other ranging principles . In the digital larly to processing in FIG . 4A . 
camera 100 of this embodiment , the DFD method may be The distance value confidence calculation unit 312 of the 
used , where the object distance is calculated using the first distance range calculator 110 , which uses the DFD method 
image signal and the second image signal photographed with as the ranging method , can calculate the distance value 
changing the photographing conditions , by using not the 15 confidence using the method described in FIG . 5A . Another 
imaging element 101 but an imaging element 601 of which factor of calculating the value of the object distance incor 
xy cross - sectional view is shown in FIG . 6A . In other words , rectly is the brightness saturation . Therefore whether a 
the distance calculation unit 311 in FIG . 3A generates the region of which brightness is saturated is included in the first 
distance image signal according to the processing content image signal in the collation region may be determined in 
which will be described later with reference to FIG . 6D . 20 addition to the image SN ratio . 

The imaging element 601 in FIG . 6A is constituted by a Even if the DFD method is used as the ranging method , 
plurality of pixel groups 650 , where each pixel group the distance image signal calculated by the distance calcu 
consists of two rowsxtwo columns . In each pixel group 650 , lation unit 311 may include a region in which the object 
a green pixel 650G1 and a green pixel 650G2 are disposed distance value was incorrectly calculated , and a region in 
diagonally , and a red pixel 650R and a blue pixel 650B are 25 which the object distance position was incorrectly calcu 
disposed in the other two pixels . In each pixel , only one lated . Even in such a case , the distance range of the object 
photoelectric conversion unit 661 is disposed . can be accurately determined by extracting the region in 

In FIG . 6B , the solid line indicates the modulation transfer which the object distance value was incorrectly calculated , 
function ( MTF ) of the first imaging condition , and the and determining the distance range of the object using the 
broken line indicates the MTF of the second imaging 30 distance values excluding the above region . 
condition , where the first imaging condition and the second 
imaging condition are different in the focusing position . The Embodiment 2 
abscissa indicates the defocus amount , and the ordinate 
indicates the MTF . By photographing consecutively in a Embodiment 2 of the present invention is an imaging 
time series , with changing the focusing position under the 35 apparatus having a distance confidence calculation appara 
first imaging condition and the second imaging condition , tus ( distance information processing apparatus ) that calcu 
imaging can be performed with changing the dependency of lates the confidence of the object distance . Embodiment 2 of 
the MTF on the defocus amount . FIG . 6C shows the ratio of the present invention will now be described in detail with 
the MTF under the first imaging condition and the MTF reference to the drawings . In the following description , a 
under the second imaging condition . It is shown that the 40 case of a digital camera will be described as an example of 
MTF ratio changes depending on the defocus amount . If the an imaging apparatus having the distance confidence calcu 
DFD method is used , the difference of the MTF ( that is , the lation apparatus of the present invention , but application of 
difference of blur amount ) can be calculated by evaluating the present invention is not limited to this . 
the correlation between the first image signal photographed The digital camera 100 of this embodiment is constituted 
under the first imaging condition and the second image 45 by an imaging optical system 120 , an imaging element 101 , 
signal photographed under the second photographing con - a distance confidence calculation apparatus 701 , an image 
dition , whereby the defocus amount can be detected . By generation unit ( not illustrated ) , a lens driving control unit 
converting the detected defocus amount into the object ( not illustrated ) , and an image signal storage unit ( not 
distance based on the image forming relationship of the illustrated ) , which are disposed inside a camera case body 
imaging optical system 120 , similarly to the above men - 50 190 . In other words , compared with Embodiment 1 ( FIG . 1 ) , 
tioned imaging plane phase difference ranging method , the the digital camera 100 of this embodiment has the distance 
object distance can be calculated . confidence calculation apparatus 701 instead of the distance 

FIG . 6D is a flow chart depicting the processing content range calculator 110 . The distance confidence calculation 
of the object distance calculation processing S321 per - apparatus 701 can be constructed using a logic circuit . For 
formed by the distance calculation unit 311 . In step S610 , the 55 another format , the distance confidence calculation appara 
correlation degree between the first image signal and the tus 701 may be constituted by a central processing unit 
second image signal is calculated . In other words , a point of ( CPU ) and a memory that stores processing programs . 
interest is set in the first image signal , and a collation region FIG . 7A is a block diagram depicting a processing over 
centered around the point of interest is set . Then a reference view of the distance confidence calculation apparatus 701 of 
point is set in the second image signal in a position corre - 60 this embodiment . The distance confidence calculation appa 
sponding to the point of interest , and a reference region ratus 701 reads a first image signal S1 and a second image 
centered around the reference point is set . Then the corre - signal S2 from the imaging element 101 , and calculates a 
lation degree between the first image signal included in the distance image signal Sd , a distance confidence R1 and a 
collation region and the second signal included in the distance range DR using the distance range calculator 110 . 
reference region is calculated . In step S611 , the processing 65 The distance position confidence calculation unit 710 
to convert the correlation degree into the defocus amount is receives the distance image signal Sd and the distance range 
performed . To convert the correlation degree into the defo - DR from the distance range calculator 110 , and calculates 
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the distance position confidence R2 , which indicates the the object is narrow , as in the case of FIG . 8A , it is highly 
certainty of the position in the imaging plane of the object possible that the magnitude of the distance change is low , as 
distance constituting the distance image signal . In other shown in the bottom diagram . If the distance range of the 
words , the distance confidence calculation apparatus 701 object is wide , as in the case of FIG . 8B , on the other hand , 
calculates the distance value confidence R1 and the distance 5 it is highly probable that the magnitude of the distance 
position confidence R2 , and outputs these values . change is high , as shown in the bottom diagram . Therefore The processing content performed by the distance range if a normalization constant , of which value becomes greater calculator 110 is the same as Embodiment 1 , hence descrip as the distance range is wider , is set and the magnitude of the tion thereof is omitted . The distance value confidence R1 distance change is normalized by this normalization con can be calculated by the processing performed by the 10 stant , then the confidence of the distance position can be distance range calculator 110 . The processing content per uniformly evaluated regardless of the distance range . As a formed by the distance position confidence calculation unit 
710 will be described with reference to the flow chart shown result , the distance position confidence R2 , to indicate the 

certainty of the position of the object distance , can be in FIG . 7B . 
In step 5711 , the distance position confidence calculation 15 calculated with certainty with respect to the positional 

unit 710 sets a point of interest in the distance image signal point of interest in the distance image signal relationship of the objects to be photographed . 
Sd , and sets a variance value calculation region centered The distance position confidence calculation unit 710 of 
around the point of interest . Then the distance position this embodiment calculates the variance value of the dis 
confidence calculation unit 710 calculates the variance value tance image signal in order to calculate the magnitude of the 
of the distance image signal Sd included in the variance 20 distance change in step S711 , but may calculate the standard 
value calculation region . The distance position confidence deviation , which is the square root of the variance value . 
calculation unit 710 calculates the variance value at each Further , the distance position confidence calculation unit 
pixel position of the distance image signal Sd by calculating 710 may evaluate the magnitude of the distance change in 
the variance value while sequentially moving the point of the in - plane direction of the imaging plane by using a 
interest . The size of the variance value calculation region 25 differential filter ( primary differential filter or secondary 
can be a size the same as the size of the collation region , differential filter ) on the distance image signal . By any of 
which the distance calculation unit 311 of the distance range these methods , the distance position confidence R2 , with 
calculator 110 used . Regions of which calculated variance respect to the positional relationship of the object , can be 
value is large include a region in which the magnitude of calculated with certainty by normalizing the magnitude of 
distance change is high . Therefore the variance value can be 30 the distance change using a normalization constant based on 
an index to indicate the magnitude of the object distance the distance range . 
change in the in - plane direction of the imaging plane . According to this embodiment , the distance position 

It is highly possible that the position of the object distance confidence R2 is calculated by normalizing the magnitude of 
is uncertain in a region in which the magnitude of the object the distance change calculated in step S711 using the nor 
distance change is high , but uncertainty is different depend - 35 malization constant calculated in step S712 , but critical here 
ing on the width of the distance range DR , even if the is normalizing the magnitude of the distance change accord 
variance value is the same . In step S712 , the distance ing to the distance range DR of the object . For example , the 
position confidence calculation unit 710 calculates the con - magnitude of the distance change may be calculated for a 
stant to normalize the variance value calculated in step S711 normalized distance image signal , which is generated by 
( normalization constant ) based on the distance range DR 40 normalizing the distance image signal Sd using a normal 
calculated by the distance range calculator 110 . The nor ization constant based on the distance range DR . 
malization constant is calculated to be greater as the width When a region of high confidence and a region of low 
of the distance range DR ( difference between the upper limit confidence are separated in the threshold processing with 
value and the lower limit value ) is wider . In step S713 , the respect to the distance position confidence , a threshold for 
distance position confidence calculation unit 710 sets the 45 this determination may be changed according to the distance 
value generated by normalizing the variance value calcu - range , instead of normalizing the magnitude of the distance 
lated in step S711 using the normalization constant calcu change using the normalization constant based on the dis 
lated in step S712 , as the distance position confidence R2 tance range . In this case , a region of which magnitude of the 
( corresponds to the second confidence ) . distance change is the normalized threshold or more is 

According to this embodiment , the magnitude of the 50 determined as a region of high confidence , and a region of 
distance change is normalized using the normalization con - which magnitude of the distance change is less than the 
stant calculated based on the distance range DR which was normalized threshold is determined as a region of low 
calculated by the distance range calculator 110 . This is confidence . 
because the confidence must be evaluated high when the 
distance range of the object is wide , and the confidence must 55 Embodiment 3 
be evaluated low when the distance range of the object is 
narrow , even if the magnitude of the distance change is the Embodiment 3 of the present invention is an imaging 
same . The reason for this will be described with reference to apparatus having a distance image signal correction appa 
FIG . 8A and FIG . 8B . The top diagrams in FIG . 8A and FIG . ratus ( distance information processing apparatus ) that cor 
8B show the state of the objects on the xz plane . The three 60 rects the object distance based on the distance position 
objects are disposed at different depth positions . In the confidence . Embodiment 3 of the present invention will now 
middle diagrams , the abscissa indicates the horizontal posi - be described in detail with reference to the drawings . In the 
tion , and the ordinate indicates the object distance . In the following description , a case of a digital camera will be 
bottom diagrams , the ordinate indicates the magnitude of the described as an example of the imaging apparatus having the 
distance change . FIG . 8A is a case when the distance range 65 distance image signal correction apparatus of the present 
of the object is narrow , and FIG . 8B is a case when the invention , but application of the present invention is not 
distance range of the object is wide . If the distance range of limited to this . 
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The digital camera 100 of this embodiment is constituted corrected object distance while sequentially moving the 

by an imaging optical system 120 , an imaging element 101 , point of interest , the corrected distance image signal CSd , 
a distance image signal correction apparatus 901 , an image constituted by the corrected object distance , can be gener 
generation unit ( not illustrated ) , a lens driving control unit a ted . 
( not illustrated ) , and an image signal storage unit ( not 5 In this embodiment , weighted smoothing is performed for 
illustrated ) , which are disposed inside a camera case body the distance image signal based on the distance confidence 
190 . In other words , compared with Embodiment 1 ( FIG . 1 ) , RO generated by combining the distance value confidence 
the digital camera of this embodiment has the distance R1 and the distance position confidence R2 , therefore the image signal correction apparatus 901 ( hereafter also called corrected distance image signal CSd , constituted by the “ correction apparatus 901 ” ) instead of the distance range 10 object distance having a higher confidence , can be calcu calculator 110 . The distance image signal correction appa lated . ratus 901 can be constructed using a logic circuit . For 
another format , the correction apparatus 901 may be con According to this embodiment , the distance confidence 

RO is calculated by adding the distance value confidence R1 stituted by a central processing unit ( CPU ) and a memory 
that stores processing programs . 15 and the distance position confidence R2 in step S911 , but 

FIG . 9A is a block diagram depicting a processing over this combining is not always necessary . The distance posi 
view of the correction apparatus 901 of this embodiment . tion confidence R2 is determined in a region in which the 
The correction apparatus 901 reads a first image signal si object distance position was incorrectly calculated , hence in 
and a second image signal S2 from the imaging element 101 , a region in which the distance position confidence R2 is low , 
and calculates a distance image signal Sd , a distance value 20 the smoothing processing may be performed with increasing 
confidence R1 , and a distance position confidence R2 using weight as the region has an incorrect object distance and the 
the distance confidence calculation apparatus 701 . A dis distance to the point of interest is shorter . Further , an 
tance image signal correction unit 910 ( hereafter called ornamental image signal may be generated from at least one 
“ correction unit 910 " ) receives the distance image signal Sd , of the first image signal and the second image signal , and 
the distance value confidence R1 and the distance position 25 smoothing processing is performed for the ornamental 
confidence R2 from the distance confidence calculation image signal so that weight is increased in a pixel of which 
apparatus 701 , calculates a corrected distance image signal color difference or brightness difference is smaller . Further 
CSd by correcting the distance image signal Sd , and outputs more , the weight in the weighted smoothing filter may be 
the corrected distance image signal CSd . higher as the pixel distance to the point of interest is shorter . 

The processing content performed by the distance confi - 30 In any of these cases , the corrected object distance image 
dence calculation apparatus 701 is the same as Embodiment CSd , constituted by an object distance with higher confi 
2 , hence description thereof is omitted . The distance image dence , can be calculated by determining the weighted aver 
signal Sd calculated by the distance confidence calculation age for the distance image signal corresponding to the 
apparatus 701 includes object distances which are dispersed distance value confidence R1 and the distance position 
due to the influence of noise in the image signal , a region in 35 confidence R2 . 
which the object distance value was incorrectly calculated , 
and a region in which the object distance position was Embodiment 4 
incorrectly calculated . 

The correction unit 910 performs smoothing for the Embodiment 4 of the present invention is an imaging 
distance image signal Sd using a smoothing filter , which was 40 apparatus that photographs objects while emitting light at a 
weighted by the distance value confidence R1 and the light emission quantity corresponding to the distance range 
distance position confidence R2 . By increasing the weight as of the objects . Embodiment 4 of the present invention will 
the region has the higher distance value confidence R1 and now be described in detail with reference to the drawings . In 
distance position confidence R2 , a corrected distance image the following description , a case of a digital camera will be 
signal CSd , that includes object distances having a higher 45 described as an example of the imaging apparatus having the 
confidence , can be generated . The concrete processing con - distance range calculator of the present invention , a light 
tent will be described with reference to the flow chart in FIG . emitting unit , and a light emission control unit , but appli 

cation of the present invention is not limited to this . 
In step S911 , the correction unit 910 calculates a distance FIG . 10A is a diagram depicting a configuration of a 

confidence RO by combining the distance value confidence 50 digital camera 1000 according to this embodiment . The 
R1 and the distance position confidence R2 . In concrete digital camera 1000 is constituted by an imaging optical 
terms , the distance confidence RO can be calculated by system 120 , an imaging element 101 , a distance range 
adding the distance value confidence R1 and the distance calculator 110 , a light emission control unit 1001 , a light 
position confidence R2 . In step S912 , the correction unit 910 emitting unit 1010 , an image generation unit ( not illus 
sets a point of interest in the distance image signal Sd , and 55 trated ) , a lens driving control unit ( not illustrated ) , and an 
sets a smoothing region centered around the point of interest . image signal storage unit ( not illustrated ) , which are dis 
The correction unit 910 calculates the corrected object posed inside a camera case body 190 . 
distance of the point of interest by determining an average FIG . 10B is a block diagram depicting the operation of the 
of the object distances within the smoothing region with distance range calculator 110 and the light emission control 
weighting the distance image signal Sd based on the distance 60 unit 1001 . The distance range calculator 110 reads a first 
confidence RO . In other words , the correction unit 910 image signal S1 and a second image signal S2 from the 
performs , on the distance image signal Sd , weighted imaging element 101 , and calculates a distance range DR 
smoothing filtering with a higher weight in the region as the using a processing content the same as the processing 
distance confidence RO is higher , whereby the corrected described in Embodiment 1 . The light emission control unit 
object distance is calculated . It is preferable that the weight 65 1001 acquires the distance range DR from the distance range 
of the weighted smoothing filtering is set higher as the pixel calculator 110 , and calculates the light emission control 
distance to the point of interest is shorter . By calculating the information Ifc based on the distance range DR . The light 

9B . 
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emitting unit 1010 irradiates light at a light emission quan calculation of the distance range is high using the distance 
tity based on the light emission control information . value confidence R1 . As a result , in the digital camera 1000 

The digital camera 100 performs tentative photographing of this embodiment , insufficient light quantity is appropri 
and calculates the distance image signal and the distance ately compensated , and a high quality ornamental image can 
range . Then the digital camera 1000 performs photograph - 5 be acquired regardless of the distance range of the object . 
ing synchronizing with the light emitting unit 1010 irradi - Furthermore , it is unnecessary to emit light from the light 
ating light according to the distance range . Thereby insuf - emitting unit 1010 in advance to measure the exposure when 
ficient light quantity in a dark scene can be compensated . An light is emitted from the light emitting unit 1010 , which 
example of photographing in a dark scene is photographing conserves power of the digital camera 1000 . 
a portrait at night . 10 The light emission control unit 1001 of this embodiment 

FIG . 10C and FIG . 10D are diagrams depicting a method calculates the light emission control information to control 
for calculating the light emission control information by the the light emission quantity of the light emitting unit 1010 , 
light emission control unit 1001 . FIG . 10C shows a scene but may control not only the light emission quantity of the 
where the distance range of the object is near to the camera , light emitting unit 1010 but also the light emission quantity 
and FIG . 10D shows a scene where the distance range of the 15 distribution . In other words , the light emission control unit 
object is far from the camera . In the case of FIG . 10C , the 1001 may acquire the distance range , the distance image 
distance range of the object is near to the camera , hence the signal , and the distance value confidence from the distance 
object receives considerable quantity of light emitted from range calculator 110 , and calculate the light emission control 
the light emitting unit 1010 . If the light emission quantity information to control the light emission quantity distribu 
irradiated from the light emitting unit 1010 is increased in 20 tion of the light emitting unit 1010 . 
this case , the brightness saturates ( called “ white clipping ” ) , FIG . 11 is a flow chart depicting the processing by the 
and the quality of the ornamental image drops . Therefore if light emission control unit 1001 when the light emission 
the distance range of the object is near to the camera , the quantity distribution is controlled using the distance range 
light emission quantity irradiated from the light emitting unit DR and the distance image signal Sd . In step S1101 , it is 
1010 must be decreased . In the case of FIG . 10D , on the 25 determined whether the distance range is wider than a 
other hand , the distance range of the object is far from the predetermined threshold . In other words , the light emission 
camera , hence the object receives less quantity of light control unit 1001 determines whether the difference between 
irradiated from the light emitting unit 1010 . If the light the upper limit value and the lower limit value of the 
emission quantity irradiated from the light emitting unit distance range is wider than a threshold . If determined to be 
1010 is decreased in this case , the object is photographed 30 wider , the processing advances to step S1102 , and if deter 
dark , and the quality of the ornamental image drops . There mined to be narrower , the processing advances to step 
fore if the distance range of the object is far from the camera , S1103 . When the distance range is wide , it is likely that a 
the light emission quantity irradiated from the light emitting plurality of objects exist in the photographing angle of view . 
unit 1010 must be increased . If it is assumed that the light In such a case , it is preferable to set the light emission 
emitting unit 1010 is sufficiently small compared with the 35 quantity distribution as the light emission control informa 
object distance , the luminance which the object receives is tion in step S1102 , so that the light emission quantity has 
in inverse proportion to the square of the object distance . distribution in the light emitting unit 1010 . When the range 
Therefore it is preferable that the light emission quantity is narrow , on the other hand , it is likely either that only one 
irradiated from the light emitting unit 1010 is increased in object exists in the photographing angle of view , or that 
inverse proportion to the square of the object distance . 40 objects are disposed close to each other . In such a case , it is 

The light emission control unit 1001 determines the object not necessary to control the distribution of the light emission 
distance that represents the distance range of the object in quantity in the light emitting unit 1010 , but it is sufficient to 
order to evaluate whether the distance range of the object is control only the light emission quantity . In other words , in 
far or near , or to determine the light emission quantity . For step S1103 , the light emission quantity is set as the light 
the representative object distance , the closest object distance 45 emission control information . In step S1102 , processing to 
( lower limit value of the distance range ) may be used . calculate the light emission quantity distribution as the light 
Further , for the representative object distance , a distance emission control information is performed . The light emis 
between the closest object distance ( lower limit value of the sion quantity distribution is set so that the light emission 
distance range ) and the farthest object distance ( upper limit quantity is lower in a region as the object distance in the 
value of the distance range ) , in particular an average value 50 region is shorter , and the light emission quantity is higher in 
of these object distance values , may be used . Further , for the a region as the object distance in the region is farther , based 
representative object distance , a value generated by weight on the distance image signal . A region where the object 
ing and averaging object distances having a value within the distance in the distance image is outside the distance range 
object distance range , according to the number of pixels in may possibly be a region of which distance value confidence 
the distance image , may be used . 55 is low , or a region where the object is very close or far . If a 

The implementation of photography in synchronization strong light is irradiated onto such a region , the quality of the 
with the light emitting unit 1010 by the user is , in many ornamental image signal may drop , hence it is preferable to 
cases , the implementation of portrait photography at night . set the light emission quantity distribution so that the light 
In the case of performing portrait photography at night , the emission quantity is low in this region . In step S1103 , the 
background region becomes black ( called " black chipping ” ) , 60 light emission quantity is set based on the distance range , as 
hence contrast change is minimal . Therefore it is highly described with reference to FIG . 10B . In step S1103 , it is not 
probable that the value of the object distance in the back - necessary to control the light emission quantity distribution 
ground region is calculated incorrectly . According to the based on the distance image signal , but here only the light 
digital camera 1000 of this example , even in such a photo - emission quantity is controlled since the distance range is 
graphic scene , the distance range DR of the object can be 65 narrow . By determining whether the light emission quantity 
calculated at high precision by evaluating the certainty of the distribution is controlled or only the light emission quantity 
value of an object distance of which contribution to the is controlled , based on the distance range , unnecessary 
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processing related to the calculation of the light emission According to the imaging apparatus of this embodiment , 
control information can be omitted , and the time lag until the minimum value and the maximum value of the quantized 
photographing can be minimized . distance range are set based on the distance range , whereby 

a region in which the distance value confidence is particu 
Embodiment 5 5 larly high , out of the distance image signal , can be quantized 

at high resolution . In other words , quantization errors of the 
Embodiment 5 of the present invention is an imaging object distance can be reduced without increasing the capac 

apparatus that changes the quantizing method depending on ity of the image signal storage unit , which is required by the 
the distance range of the object when the distance image is quantized distance image signal . Therefore the image pro 
quantized and saved . Embodiment 5 of the present invention 10 cessing based on the quantized distance image signal ( e . g . 
will now be described in detail with reference to the draw depth of field control , focus position control ) can be per 
ings . In the following description , a case of a digital camera formed at high precision after acquiring the ornamental 
will be described as an example of the imaging apparatus image . 
that has the distance range calculator of the present inven Other Embodiments tion , a distance image quantizing unit and an image signal 
storage unit , but application of the present invention is not Embodiment ( s ) of the present invention can also be 
limited to this . realized by a computer of a system or apparatus that reads 

FIG . 12A is a diagram depicting a configuration of a out and executes computer executable instructions ( e . g . , one 
digital camera 1200 according to this embodiment . The 20 or more programs ) recorded on a storage medium ( which 
digital camera 1200 of this embodiment is constituted by an may also be referred to more fully as a ‘ non - transitory 
imaging optical system 120 , an imaging element 101 , a computer - readable storage medium ' ) to perform the func 
distance range calculator 110 , a quantizing unit 1201 , an tions of one or more of the above - described embodiment ( s ) 
image generation unit ( not illustrated ) , a lens driving control and / or that includes one or more circuits ( e . g . , application 
unit ( not illustrated ) , and an image signal storage unit 1210 , 25 specific integrated circuit ( ASIC ) ) for performing the func 
which are disposed inside a camera case body 190 . tions of one or more of the above - described embodiment ( s ) , 

FIG . 12B is a block diagram depicting the operation of the and by a method performed by the computer of the system 
distance range calculator 110 and the quantizing unit 1201 . or apparatus by , for example , reading out and executing the 
The distance range calculator 110 reads a first image signal computer executable instructions from the storage medium 
S1 and a second image signal S2 from the imaging element 30 to perform the functions of one or more of the above 
101 , and calculates a distance range DR using the same described embodiment ( s ) and / or controlling the one or more 
processing content as the processing described in Embodi - circuits to perform the functions of one or more of the 
ment 1 . The quantizing unit 1201 acquires the distance range above - described embodiment ( s ) . The computer may com 
DR form the distance range calculator 110 , and calculates a prise one or more processors ( e . g . , central processing unit 
quantized distance image signal psd by quantizing the 35 ( CPU ) , micro processing unit ( MPU ) ) and may include a 
distance image signal based on the distance range DR . The network of separate computers or separate processors to read 
image signal storage unit 1210 is constituted by a memory , out and execute the computer executable instructions . The 
and stores the quantized distance image signal QSd . computer executable instructions may be provided to the 

FIG . 12C is a diagram depicting a method for quantizing computer , for example , from a network or the storage 
the distance image signal by the quantizing unit 1201 . The 40 medium . The storage medium may include , for example , one 
horizontal arrow marks in FIG . 12C indicate the object or more of a hard disk , a random - access memory ( RAM ) , a 
distance and the quantized object distance ( quantized dis - read only memory ( ROM ) , a storage of distributed comput 
tance ) . The quantizing unit 1201 sets a minimum value and ing systems , an optical disk ( such as a compact disc ( CD ) , 
a maximum value of the quantized distance range based on digital versatile disc ( DVD ) , or Blu - ray Disc ( BD ) TM ) , a 
the distance range acquired from the distance range calcu - 45 flash memory device , a memory card , and the like . 
lator 110 . The quantizing unit 1201 divides a range between While the present invention has been described with 
the minimum value and the maximum value in the quantized reference to exemplary embodiments , it is to be understood 
distance range by a predetermined division number ( quan - that the invention is not limited to the disclosed exemplary 
tization rate ) ( e . g . division number is 256 if the quantized embodiments . The scope of the following claims is to be 
distance image signal is expressed in 8 - bit units ) , and sets a 50 accorded the broadest interpretation so as to encompass all 
quantized distance value at each division position . The such modifications and equivalent structures and functions . 
quantizing unit 1201 compares the object distance and the This application claims the benefit of Japanese Patent 
quantized distance values , and quantizes the object distance Application No . 2015 - 053886 , filed on Mar . 17 , 2015 which 
by correlating a value closest to the object distance with the is hereby incorporated by reference herein in its entirety . 
quantized distance value . In concrete terms , the quantized 55 
distance values closest to the object distance 1220 is the What is claimed is : 
quantized distance 1221 , which is the minimum value in the 1 . A distance information processing apparatus , compris 
quantized distance range . Therefore the quantized distance ing : 
value correlating with the value of the object distance 1220 a distance calculator configured to calculate object dis 
is the quantized distance 1221 . The quantized distance 60 tances , which are distances to an object in a depth 
closest to the object distance 1230 is the quantized distance direction , for a plurality of pixel positions on the basis 
1231 . Therefore the quantized distance correlating with the of on a first image signal and a second image signal , so 
value of the object distance 1230 is the quantized distance as to calculate a distance image signal constituted by a 
1231 . By calculating a quantized distance correlating with plurality of object distances ; 
each object distance constituting the distance image signal , 65 a first confidence calculator configured to calculate a first 
the quantized distance image signal QSd constituted by the confidence representing certainty of an object distance 
quantized distances can be generated . value in the distance image signal ; 
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a range calculator configured to calculate a distance range , 8 . An imaging apparatus , comprising : 
which is a range of an object distance , on the basis of an imaging unit ; and 
the distance image signal and the first confidence ; and the distance information processing apparatus according 

a second confidence calculator configured to calculate a to claim 1 . 
second confidence representing certainty of a position 5 9 . The imaging apparatus according to claim 8 , further 
on a plane orthogonal to the depth direction of the comprising : 
object distance on the basis of the distance range and a light emitting unit ; and 
the object distance , a light emission controller configured to calculate light 

wherein the second confidence calculator calculates mag emission control information to control light emission 
nitude of the change of the object distance in the 10 quantity of the light emitting unit on the basis of a 
in - plane direction of the distance image signal , and sets distance range calculated by a distance information 
a region where the magnitude of the change of the processing apparatus , and controls the light emitting 
object distance has a value equal to or more than a unit so that light is irradiated according to the light 
threshold which is set based on the width of the emission control information in synchronization with 
distance range , as a region the second confidence of 15 imaging by the imaging unit . 
which is low , and sets a region where the magnitude of 10 . The imaging apparatus according to claim 9 , wherein 
the change of the object distance has a value less than the light emission controller calculates the light emission 
the threshold , as a region the second confidence of control information so that the light emission quantity of the 
which is high . light emitting unit becomes higher as the object distance 

2 . The distance information processing apparatus accord - 20 acquired based on the distance range is longer . 
ing to claim 1 , wherein the range calculator extracts object 11 . The imaging apparatus according to claim 8 , further 
distances , the first confidence of which is a threshold or comprising : 
more , from the distance image signal , and calculates the a light emitting unit ; and 
distance range on the basis of a maximum value and a a light emission controller configured to calculate light 
minimum value of the extracted object distances . emission control information to control light emission 

3 . The distance information processing apparatus accord quantity distribution of the light emitting unit on the 
ing to claim 1 , wherein the first image signal and the second basis of a distance range calculated by the distance 
image signal are relatively shifted by a positional shift information processing apparatus , and control the light 
amount according to the distances to the object , and emitting unit so that light is irradiated according to the 

wherein the distance calculator calculates the object dis - 30 light emission control information in synchronization 
tances by calculating the relative positional shift with imaging by the imaging unit . 
amount between the first image signal and the second 12 . The distance information processing apparatus 
image signal . according to claim 1 , further comprising : 

4 . The distance information processing apparatus accord a storage unit ; and 
ing to claim 3 , wherein the first confidence calculator 35 a quantizing unit configured to set a maximum value and 
calculates the first confidence on the basis of at least one of : a minimum value in a quantized distance range based 
an image SN ratio which is calculated based on at least one on a distance range calculated by the distance range 
of the first image signal and the second image signal ; an calculator , set a quantized distance value by dividing a 
object cyclicity which is calculated based on at least one of range between the maximum value and the minimum 
the first image signal and the second image signal ; and a 40 value in the quantized distance range by a predeter 
brightness saturation degree which is calculated based on at mined quantization rate , calculate a quantized distance 
least one of the first image signal and the second image image signal by correlating the object distance consti 
signal . tuting the distance image signal with a quantized dis 

5 . The distance information processing apparatus accord tance value having a closest value , and store the quan 
ing to claim 1 , wherein the first image signal and the second 45 tized distance image signal in the storage unit . 
image signal are image signals consecutively photographed 13 . A distance information processing method , compris 
in a time series while changing imaging conditions , so as to ing : 
have different characteristics in modulation transfer func a distance calculation step of calculating object distances , 
tion , depending on the distance to the object , and which are distances to an object in a depth direction , for 

the distance calculator calculates the object distances by 50 a plurality of pixel positions on the basis of a first image 
detecting the difference of the modulation transfer signal and a second image signal , so as to calculate a 
function between the first image signal and the second distance image signal constituted by a plurality of 
image signal . object distances ; 

6 . The distance information processing apparatus accord a first confidence calculation step of calculating a first 
ing to claim 1 , further comprising a corrector configured to 55 confidence representing certainty of an object distance 
calculate a corrected distance image signal by correcting the value in the distance image signal ; 
distance image signal on the basis of the first confidence and a range calculation step of calculating a distance range , 
the second confidence . which is a range of an object distance , on the basis of 

7 . The distance information processing apparatus accord the distance image signal and the first confidence ; and 
ing to claim 6 , wherein the corrector calculates the corrected 60 a second confidence calculation step of calculating a 
distance image signal by performing , on the distance image second confidence representing certainty of a position 
signal , weighted smoothing filtering in which a region on a plane orthogonal to the depth direction of the 
exhibiting a higher combined distance confidence of the first object distance on the basis of the distance range and 
and second confidences is weighted higher , and a region the object distance , 
exhibiting a smaller color difference or brightness difference 65 wherein the second confidence calculation step calculates 
in a combined image signal of the first and second image magnitude of the change of the object distance in the 
signals is weighted higher . in - plane direction of the distance image signal , and sets 
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a region where the magnitude of the change of the a first confidence calculation step of calculating a first 
object distance has a value equal to or more than a confidence representing certainty of an object distance 
threshold which is set based on the width of the value in the distance image signal ; 
distance range , as a region the second confidence of a range calculation step of calculating a distance range , 
which is low , and sets a region where the magnitude of 5 which is a range of an object distance , on the basis of 

the distance image signal and the first confidence ; and the change of the object distance has a value less than a second confidence calculation step of calculating a 
the threshold , as a region the second confidence of second confidence representing certainty of a position 
which is high . on a plane orthogonal to the depth direction of the 

14 . The distance information processing method accord object distance on the basis of the distance range and 
ing to claim 13 , further comprising a correction step of 10 the object distance , 
calculating a corrected distance image signal by correcting wherein the second confidence calculation step calculates 
the distance image signal based on the first confidence and magnitude of the change of the object distance in the 
the second confidence . in - plane direction of the distance image signal , and sets 

15 . A non - transitory computer - readable medium storing a 15 . a region where the magnitude of the change of the 
program causing a computer to execute a process , the object distance has a value equal to or more than a 
process comprising : threshold which is set based on the width of the 

a distance calculation step of calculating object distances , distance range , as a region the second confidence of 
which is low , and sets a region where the magnitude of which are distances to an object in a depth direction , for 

a plurality of pixel positions on the basis of a first image 20 the change of the object distance has a value less than 
signal and s second image signal , so as to calculate a the threshold , as a region the second confidence of 
distance image signal constituted by a plurality of which is high . 
object distances ; * * * * * 


